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 Industrial growth has increased the number of jobs hence increase the 
number of employees. Therefore, it is impossible to track the location of all 
employees in the same building at the same time as they are placed in a 
different department. In this work, a real-time indoor human tracking system 
is developed to determine the location of employees in a real-time 
implementation. In this work, the long-range (LoRa) technology is used as 
the communication medium to establish the communication between the 
tracker and the gateway in the developed system due to its low power with 
high coverage range besides requires low cost for deployment. The received 
signal strength indicator (RSSI) based positioning method is used to measure 
the power level at the receiver which is the gateway to determine the 
location of the employees. Different scenarios have been considered to 
evaluate the performance of the developed system in terms of precision and 
reliability. This includes the size of the area, the number of obstacles in the 
considered area, and the height of the tracker and the gateway. A real-time 
testbed implementation has been conducted to evaluate the performance of 
the developed system and the results show that the system has high precision 






This is an open access article under the CC BY-SA license. 
 
Corresponding Author: 
Ida Syafiza Binti Md Isa  
Faculty of Electrical and Electronic Engineering Technology, Universiti Teknikal Malaysia Melaka, 




1. INTRODUCTION  
Internet of things (IoT) is a physical device that is connected to the internet to develop interactive 
applications such as smart homes, smart parking systems, smart cities, and many more. The IoT also allows 
data sharing between devices besides enables the device to control the related system using smartphones or 
laptops. Besides, several studies on the energy and fog infrastructure are conducted to support the IoT 
demand for sending the data to the server [1]-[3] Many wireless technologies have been used to support the 
development of IoT networks such as Wi-Fi, Bluetooth, Zigbee, FM signal, and radio frequency 
identification (RFID). These technologies are often used to support the development of both indoor and 
outdoor localization system. However, most of the wireless technology such as Wi-Fi, Bluetooth, and Zigbee 
is not applicable to cover a large area [4]. Besides, they have their limitations in terms of accuracy, 
transmission range, and cost. For example, Wi-Fi has high accuracy but consumed high power. Meanwhile, 
Bluetooth has a low transmission range. Long-range (LoRa) technology is another wireless technology that 
has been widely used for low power large area networks (LPWAN) to support the machine to machine 
(M2M) and IoT application [5], [6]. LoRa is a new networking system that emphasizes low power usage and 
can handle several transmitters at different locations within a region by using a single receiver in the LoRa 
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network [5], [6]. Besides, LoRa has a large coverage radius of up to 15 km, hence can limit the required 
number of nodes to cover an environment.  
The advancement of technology brings the most efficient application in the industrial and to the 
daily lives routine. Workplace safety is very important for every employee in the industry as they have the 
right to work in a safe and healthy environment. In an industrial, the employee will be exposed to an 
unexpected dangerous situation at the workplace such as emergencies, fire accidents, or natural disasters. 
Therefore, an efficient localization system is needed to locate a human when a disaster happened. Many 
tracking systems have been developed for various applications for instance to track objects, and human 
presence. Some of the developed systems utilized the global positioning system (GPS) to perform the 
localization due to its high accuracy of up to five meters. However, GPS is not an advisable option for indoor 
localization [5], [6]. Zhang et al. [7] used a sound source to locate a human in a disaster location by 
analyzing the changed auditory information between robot and human. However, using the robot in a 
complex environment is not efficient. Also, the distraction of the sound from the environment will give a 
significant effect on the performance of the system. Goian et al. [8], a deep learning-based human detection 
algorithm is proposed to locate the presence of a human in a disaster area by processing the data collected 
from RBG camera, thermal and wireless sensor. However, this approach has a limitation where the victim 
can only be identified when the victim is located on the surface. A study on human localization using radio 
frequency identification (RFID) is conducted in [9] to locate a human body by locating the RFID tags to the 
ceiling and while the RFID reader is attached to the human body. Meanwhile, in study [10] the location of 
the human body is located using omnidirectional vision. However, the results show that the localization 
precision is less at the edge of the image. Kim et al. [11] integrates vision and sound systems for real-time 
human localization. It shows that the proposed method is more accurate and reliable compared to the result 
that only used sound localization. Suzuki et al. [12] studied the human body localization using a multiple-
input multiple-output ultra-wideband (MIMO-UWB) radar system. In this work, the reflected wave from the 
human body is extracted and analyzed. The body position is localized with an error of 20 cm or less by using 
six antennas. A cooperative passive infrared (PIR) sensor is used for human indoor localization in [13], [14], 
where the position is estimated based on the PIR sensor data. A wireless sensor network has also been 
studied in [15], [16] for real-time localization. This method estimates the location of the sensor node along 
with the inertial sensors worn by a person. Meanwhile, Konings et al. [17] proposed indoor human 
localization using passive visible light positioning. 
The receiver signal strength indication (RSSI) is the most popular and simplest method that is used 
for both indoor and outdoor localization. This is because it does not requires additional hardware and can be 
found on any devices utilizing any type of wireless communication technology. RSSI works by calculating 
the signal strength of the packet received at the receiver. Note that, the signal strength decrease as the signal 
propagates away from the transmitter. Therefore, for localization, the RSSI is used by finding the 
approximate distances between the transmitter and receiver. Several researchers used the RSSI-based 
approach to indicate the signal strength of the transmitter at the receiver, for indoor and outdoor localization 
[5], [6], [18]-[23]. Wi-Fi is a wireless technology that is commonly used for indoor localization with the 
RSSI-based method due to its low cost, wide-coverage, and high efficiency [18]. Several recent studies [6], 
[18], [24], the authors developed an indoor localization system using Wi-Fi to improve the localization 
system by measuring the RSSI value. Besides, Grzechca et al. [25] integrated the use of the surveillance 
video and the RSSI-based method using the Wi-Fi module to identify the object in the indoor environment. 
Meanwhile, Gu and Ren [19] study the relationship between the RSSI value and the device location and 
proposed a Motion-assisted Device Tracking Algorithm to develop an energy-efficient indoor localization 
scheme. The proposed scheme leverage the user motions to reduce the search space to locate the target 
device. Meanwhile, the work in [5] considered the LoRa technology for indoor localization where the RSSI 
value is used as the measurement parameter in the testing. The test-bed experiment has been conducted by 
changing the position of the LoRa transmitter while the location of the LoRa receiver is fixed. The results 
show that environmental factors such as the size of the area and the distances between the LoRa transmitter 
and receiver can give a significant impact on the RSSI value, hence affect the positioning performance. 
Sadowski and Spachos [26], a test-bed implementation has been conducted to compare the accuracy and the 
power consumption of four wireless technologies including the Wi-Fi, Bluetooth, Zigbee and long-range 
wide area network (LoRaWAN) for indoor localization using RSSI-based approach. The performance of the 
four wireless technologies for the indoor localization are evaluated considering two scenarios related to the 
size of the area, where for each scenario, several distance between the transmitter and receiver is considered. 
The results show that, the Wi-Fi has high accuracy while the Bluetooth has the lowest power consumption. 
The results also show that, LoRaWAN has the utmost transmission range when maximum transmission 
power is used. 
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To the best of our knowledge, most of the studies only consider the size of the area and the distance 
between the transmitter and receiver to evaluate the performance of the developed indoor localization system. 
However, the impact of LoRa receiver height and the amount of the obstacles in different size of the area on 
the RSSI value for the indoor localization system are not taken into account. Therefore, in this study, we 
developed a real-time indoor human tracking system using LoRa technology using the RSSI-based approach 
and evaluate its performance in terms of precision and reliability in two different sizes of the area while 
considering the height of both LoRa receiver and transmitter and the number of obstacles for each considered 
area. Note that, in this system, a LoRa transmitter known as LoRa tracker will be attached to the human 
body. Meanwhile, a LoRa receiver will act as the LoRa gateway to determine the RSSI value based on the 
received signal strength packet from the LoRa tracker. 
 
 
2. RESEARCH METHOD 
2.1.  Architecture of the proposed real-time indoor human tracking system 
The architecture of the proposed real-time indoor human tracking system consists of two main parts 
which are a tracker (i.e. transmitter) and a gateway (i.e. receiver). The communication between the tracker 
and the gateway is performed wirelessly using LoRa technology. Figure 1 shows the architecture of the two 
main parts of the proposed real-time indoor human tracking system using LoRa communication. The tracker 
will act as a transmitter and is equipped with a LoRa communication module and is known as LoRa tracker. 
In this work, the LoRa tracker will be attached to the employee located in a building. Meanwhile, the 
gateway will act as a receiver and is equipped with a LoRa communication module and a computer and is 
known as LoRa gateway. Note that, the LoRa gateway will measure the RSSI value of the signal strength 
packet received from the LoRa tracker. A parallax data acquisition (PLX-DAQ) software is used at the LoRa 
gateway to display the details of the RSSI reading (i.e. time, the tracker’s ID, and RSSI value). The details of 
each component used to develop the proposed system will be presented in the later subsection. 
Figure 2 shows the flow chart of the developed real-time indoor human tracking system. In this 
system, the user located in the building will be equipped with LoRa tracker. First, the connection between the 
LoRa tracker and LoRa gateway is activated. Next, the LoRa tracker will send data to the LoRa gateway. If 
LoRa gateway received the data, then it will read the RSSI value, else the LoRa gateway will initialize the 
system until the transmission is succeeded. The RSSI valued obtained at the LoRa gateway will be displayed 





Figure 1. Architecture of the proposed real-time 
indoor human tracking system 
 
Figure 2. The flowchart of the proposed real-time 
indoor human tracking system 
 
 
2.2.  Hardware development 
In this work, two types of LoRa trackers, LoRa tracker 1 and LoRa tracker 2, are developed using 
Arduino Nano and Arduino Maker-Uno, respectively. The Arduino Nano is used with the assumption that the 
devices will be worn on the wrist as it has a small size. Meanwhile, the Arduino Maker-Uno which has a 
bigger size than the Arduino Nano is used with the assumption that the device will be hung around the neck. 
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The LoRa module used in this work is SX1278 which operates at 3.3 V. The prototype of the three modules, 
the LoRa tracker 1, LoRa tracker 2, and LoRa gateway are as shown in Figure 3(a), Figure 3(b) and  




(a) (b) (c) 
 
Figure 3. The prototype of (a) LoRa tracker 1, (b) LoRa tracker 2, and (c) LoRa gateway 
 
 
3. RESULTS AND DISCUSSION 
A real-time indoor human tracking and monitoring system was successfully developed and its 
functionality and performance have been tested. Recall that, the system consists of two parts: two 
transmitters (i.e. Lora tracker 1 and LoRa tracker 2) to send the data and one receiver (i.e. Lora gateway) that 
acts as a gateway to receive the data and calculate the RSSI value signal. The calculated RSSI value signal at 
the LoRa gateway will be recorded and displayed using parallax data acquisition tools (PLX-DAQ) software 
in Microsoft Excel. Also, the PLX-DAQ will record the time it receives data from the LoRa trackers. To 
display these data, serial communication is considered between the LoRa gateway and the computing by 
using ‘Serial. Print’ command with a baud rate of 9600 bits/sec. Figure 4 shows the PLX-DAQ software 





Figure 4. The PLX-DAQ interface 
 
 
3.1.  Evaluation scenario 
The developed system is evaluated in terms of its precision and reliability for real-time 
implementation. Eight scenarios related to the size of the test-bed implementation, the number of obstacles in 
the test-bed implementation, and the height of the gateway for 30 minutes with 5 minutes interval are 
considered to test the performance of the developed system.  
a. Scenario 1: Environment 1 with less obstacles 
In the first scenario (i.e. scenario 1), a room size of 2.86-meter width x 2.89-meter length (i.e. 
environment 1) is considered to place the LoRa tracker 1 at a height of 22.5 cm from the floor as shown in 
Figure 5(a). This level is chosen with the assumption that the LoRa tracker 1 is placed on the wrist of the 
employees. Minimal obstacles such as furniture and walls which might cause interference and affect the RSSI 
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signal value are considered. Note that, the considered room to place the LoRa tracker 1 is located on the first 
floor of the building while the LoRa gateway is placed outside the room which is the living room on the same 
floor.  
b. Scenario 2: Environment 1 with additional obstacles 
In the second scenario (i.e. scenario 2), the LoRa tracker 1 is placed at the same location as in 
scenario 1. However, in this scenario, more obstacles are considered in the room to study the effect on the 
RSSI value with the increasing obstacles as shown in Figure 5(b). 
c. Scenario 3: Environment 1 with less obstacles and increased height of LoRa gateway 
In the third scenario (i.e. scenario 3), the same size of the room with low obstacles as in scenario 1 is 
considered. However, in this scenario, the height of the LoRa gateway is increased to 63 cm as shown in 
Figure 6. 
d. Scenario 4: Environment 1 with additional obstacles and increased height of LoRa gateway 
In the fourth scenario (i.e. scenario 4), the same size of the room with additional obstacles as in 
scenario 2 is considered. However, the location of the LoRa gateway is placed at a height of 63 cm as shown 






Figure 5. Location LoRa tracker 1: (a) with a minimum obstacle and (b) with additional obstacles  





Figure 6. Location of LoRa gateway at 63 cm height 
 
 
e. Scenario 5: Environment 2 with less obstacles 
In the fifth scenario (i.e. scenario 5), a room with a size of 3.9-meter width x 4.2-meter length (i.e. 
environment 2) is considered to place the LoRa tracker 2 at a height of 98 cm from the floor as shown in 
Figure 7(a). The height is chosen with the assumption that the employee is wearing the identification holder 
around their neck. Note that, the considered room is located on the second floor of the building while the 
LoRa gateway is placed in the living room on the first floor. Also in scenario 5, minimum obstacles are 
considered.  
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f. Scenario 6: Environment 2 with additional obstacles 
In the sixth scenario (i.e. scenario 6), the same size of the room and the same location to place both 
LoRa tracker 2 and LoRa gateway as in scenario 5 are considered. However, in this scenario, additional 
obstacles are considered as shown in Figure 7(b). 
g. Scenario 7: Environment 2 with less obstacles and increased height of LoRa gateway 
In the seventh scenario (i.e. scenario 7), the same size of the room with low obstacles as in scenario 
5 is considered. However, in this scenario, the height of the LoRa gateway on the first floor is increased to 63 
cm as shown in Figure 6. 
h. Scenario 8: Environment 2 with additional obstacles and increased height of LoRa gateway 
In the eighth scenario (i.e. scenario 8), the same size of the room with additional obstacles as in 
scenario 6 is considered. However, in this scenario, the height of the LoRa gateway on the first floor is 






Figure 7. Location LoRa tracker 2: (a) with a minimum obstacle and (b) with maximum obstacle  
for an environment 2 
 
 
3.2.  Results 
The value of the RSSI signal is obtained during the experiment to evaluate the performance of the 
LoRa communication in terms of precision and reliability, for indoor localization for human tracking system. 
To evaluate the reliability of the developed system, eight scenarios related to the size of the environment, the 
number of obstacles and the height of the gateway (i.e. receiver) has been considered during the experiment. 
Meanwhile, the performance of the developed system in term of precision is evaluated by running the 
experiment for 30 minutes with 5 minutes interval to record the value of the RSSI signal for each considered 





Figure 8. RSSI value of all scenarios for a 30 minutes duration 
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The results show that the value of the RSSI reading for all considered scenarios for 30 minutes is 
almost the same. This shows that the developed system has high precision. The results also show that adding 
more obstacles in environment 1 reduced the RSSI value. This is due to a large number of reflections of the 
transmitted signal. However, for environment 2, increasing the number of obstacles does not give a 
significant impact on the RSSI value. This is due to the large size of room considered in environment 2 which 
allows the transmitted signal to propagate with less reflection. In addition, this is also due to the location of 
both LoRa tracker and LoRa gateway (i.e. at different building floor) which increase the distance, introduced 
more reflection and interference to the transmitted signal regardless of increasing the number of obstacles. 
Meanwhile, the results show that increasing the height of LoRa gateway located on the ground floor has 
increased the RSSI value for environment 1. This is mainly due to the less number of reflections of the 
signals off the ground, hence reduce the effects of multi-path that occurs while transmitting the signal. 
However, for environment 2, increasing the height of LoRa gateway reduced the RSSI value. This was found 




In this work, a real-time indoor human tracking system has been developed to monitor the location 
of the employees in the building using Arduino and LoRa communication technology. The RSSI signal value 
between the LoRa tracker (1 and 2) and the LoRa gateway is used for localization. The system is also 
designed to store the data at the gateway using the PLX-DAQ software tool for monitoring purposes. Several 
scenarios are considered including the size of the test-bed implementation, the number of obstacles in each 
considered test-bed implementation, and the height of the LoRa gateway to evaluate the performance of the 
developed system in terms of reliability. Also, the performance of the developed system is evaluated in term 
of precision by determining the value of the RSSI signal for all scenarios every 5 minutes interval for 30 
minutes. The results indicate that increasing the number of obstacles reduced the value of RSSI when the 
location of the LoRa tracker and LoRa gateway is on the same floor in a building. However, the RSSI value 
can be increased by increasing the height of LoRa gateway as the multi-path signal effects reduced while 
transmitting the signal due to the reduction in the number of reflection of the transmitted signals off the 
ground. Also, the results show that when the LoRa tracker and the LoRa gateway are placed at different floor 
level in a building and a bigger room is considered, increasing the number of obstacles does not give a 
significant impact on the RSSI value. This is because the larger the room the smaller the amount of reflection 
of the transmitted signal occurred. The results show that increasing the height of LoRa gateway while 
locating the LoRa tracker at different floor level reduced the RSSI value as this position introduced high 
interferences. In addition, the results indicate that the developed system has high precision as the value of the 
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